Three rhizobial strains (CCBAU 01393 T , CCBAU 01389 and CCBAU 03239) isolated from nodules of Caragana intermedia grown in saline-alkaline soils in the north of China had identical 16S rRNA genes that showed 99.7 and 99.5 % sequence similarities with those of Rhizobium huautlense SO2
Three rhizobial strains (CCBAU 01393 T , CCBAU 01389 and CCBAU 03239) isolated from nodules of Caragana intermedia grown in saline-alkaline soils in the north of China had identical 16S rRNA genes that showed 99.7 and 99.5 % sequence similarities with those of Rhizobium huautlense SO2
T and Rhizobium galegae USDA 4128 T , respectively. Phylogenies of the housekeeping genes atpD, recA and glnII confirmed their distinct position, differing from recognized Rhizobium species. SDS-PAGE of whole-cell soluble proteins and a series of phenotypic and physiological tests allowed us to differentiate the novel group from all closely related recognized Rhizobium species. The levels of DNA-DNA relatedness between strain CCBAU 01393 T and R. huautlense SO2 T and R. galegae USDA 4128 T were 34.9 and 20.5 %, respectively. Therefore, we propose that strains CCBAU 01393 Rhizobia are Gram-negative soil bacteria that mainly cause the formation of root nodules on legumes and fix nitrogen (diazotrophy) inside the nodules. Currently, more than 50 rhizobial species have been described in the classes Alphaproteobacteria and Betaproteobacteria. Rhizobium, a genus in the Alphaproteobacteria, was named a century ago and at the time of writing contained at least 16 nitrogenfixing species including the recently described species Rhizobium miluonense (Gu et al., 2008) and Rhizobium multihospitium (Han et al., 2008) .
Caragana is a legume genus with about 100 species and about 70 species have been recorded in China. These Caragana species are ecologically important because of their capacity to form nitrogen-fixing nodules with rhizobia.
In the course of a study of rhizobia nodulating Caragana species in China, 174 strains were isolated and classified in the genera Bradyrhizobium, Mesorhizobium and Rhizobium by using 16S rRNA gene sequence analysis and other polyphasic taxonomical methods (Lu et al., 2009) . Among the strains that were classified in the genus Rhizobium, three of them (CCBAU 01393 T , CCBAU 01389 and CCBAU 03239) isolated from saline-alkaline soils in the north of China formed a distinctive 16S rRNA gene type. These three strains together with other related Rhizobium species were characterized further in the present study by comparison of their whole-cell soluble proteins using SDS-PAGE, and housekeeping gene (atpD, recA and glnII) sequences, symbiotic gene (nodC and nifH) sequences, and DNA-DNA hybridization, phenotypic characteristic determination and nodulation tests on various legumes. Rhizobia were isolated from root nodules and were purified using the standard procedure on yeast-mannitol agar (YMA) (Vincent, 1970) . All strains were cultured on YMA (Vincent, 1970) at 28 uC and maintained at 4 uC for temporary storage.
About 1350 bp of the 16S rRNA gene was amplified and sequenced for strains CCBAU 01393 T , CCBAU 01389 and CCBAU 03239 using the primers P1 and P6 according to Tan et al. (1997) . The sequences were aligned with those of related Rhizobium species using the CLUSTAL W program in the MEGA 4.0 software (Tamura et al., 2007) . Aligned sequences were analysed using the same software to produce a Jukes-Cantor distance (Munro, 1969) and to construct an optimal unrooted tree using the neighbourjoining (Saitou & Nei, 1987) and maximum-parsimony methods. The robustness of the tree topologies was calculated by bootstrap analysis based on 1000 replications of the sequences (Felsenstein, 1985) . All the three strains isolated from Caragana had identical 16S rRNA gene sequences and were closely related to R. huautlense SO2 T and R. galegae USDA 4128 T (Fig. 1a) , with 99.7 and 99.5 % gene sequence similarity, respectively (Table 1) . The percentage 16S rRNA gene similarities between the new isolates and the type strains of recognized Rhizobium species with values equal to or higher than 97 % are shown in Table 1. SDS-PAGE of whole-cell soluble proteins has been used widely in rhizobial taxonomy and is suitable for grouping strains at species level (Diouf et al., 2000; Tan et al., 1997; Wang et al., 2007) . Preparation and electrophoresis of the soluble proteins were performed according to Tan et al. (1997) . Normalized densitometric traces of the electrophoretic protein patterns were grouped using the GelCompar II software package (Applied Maths). The similarity between each pair of samples (strains) was expressed by using the Dice coefficient and a UPGMA dendrogram was constructed (Vauterin & Vauterin, 1992) . The whole-cell soluble proteins of strains CCBAU 01393 T , CCBAU 01389 and CCBAU 03239 and the four reference strains of related Rhizobium species (Table 2) were subjected to SDS-PAGE analysis. The strikingly similar protein patterns observed among the novel strains indicated considerable homogeneity (see Supplementary  Fig. S1 , available in IJSEM Online), but they were not duplicate isolates because they were isolated from different sites ( Table 2 ). The protein patterns of reference strains of recognized Rhizobium species were quite different from those of the novel strains ( Supplementary Fig. S1 , in IJSEM Online).
Housekeeping genes, including atpD, recA and glnII, are being used increasingly for protein-coding interspersing throughout the genome. These genes were used to investigate the phylogeny of the bacteria in order to complete that of the 16S rRNA gene (Gaunt et al., 2001; Turner & Young, 2000; Vinuesa et al., 2005) . In this study, PCR amplification and sequencing of partial atpD (510 bp) and recA (530 bp) genes were undertaken according to Gaunt et al. (2001) , and a 660 bp intragenic fragment of glnII was amplified according to Turner & Young (2000) . Sequence similarities of atpD, recA and glnII genes among the strains isolated in this study and reference strains are given in Table 1 . Neighbour-joining trees constructed based on these sequences are shown in Fig. 1 . Strains CCBAU 01393
T , CCBAU 01389 and CCBAU 03239
showed high similarities with each other among the three housekeeping genes (Table 1) . They were also closely related to R. huautlense and R. galegae in the phylogenetic trees based on atpD and recA genes, with 93.5 and 95.4 % (atpD) and 92.8 and 87.6 % (recA) similarity, respectively (Table 1) , supported by bootstrap values of 97 and 95 %, which were congruent with the 16S rRNA gene tree (Fig. 1a) . In the glnII tree (Fig. 1d) , the three Caragana rhizobial strains were adjacent to R. huautlense CCBAU 65798 and 65679 (no glnII sequence of the type strain R. huautlense SO2 T was available from the public database), but were further removed from R. galegae. Considering all the sequences, the strains in the novel group formed a phylogenetic cluster distinct from recognized species of Rhizobium.
Symbiotic genes (nodC and nifH) and the formation of effective nitrogen-fixing nodules on legumes are important features of rhizobia. Analyses of the rhizobial symbiotic genes could reveal their evolutionary history and host plant ranges. In this study, partial symbiotic genes nodC (about 900 bp) and nifH (about 760 bp) of strains CCBAU 01393 T , CCBAU 01389 and CCBAU 03239 were amplified by using the primer pairs nodCF/nodCI and nifHF/nifHI with the PCR conditions described by Laguerre et al. (2001) . In the phylogenetic trees based on nodC genes (Zhao et al., 2008) . The genus Astragalus together with Caragana belong to the same subtribe Astragalinae (Polhill, 1994) and this may account for the reason that they could be infected by rhizobia with a similar nodC gene. The phylogenetic tree based on nifH genes ( Supplementary Fig. S2b , in IJSEM Online) also confirmed the close relationship between the rhizobial symbiotic genes and their host ranges. Gueldenstaedtia multiflora, a host for Rhizobium yanglingense SH 22623 T , is also a member of the subtribe Astragalinae (Polhill, 1994) . In addition, data from the symbiotic (nodC or nifH) and the housekeeping gene analyses agreed with the hypothesis of different evolutionary histories between symbiotic genes and genomic background housekeeping (such as atpD, recA and glnII) and rrs genes Ueda et al., 1995) .
Cross-nodulation tests were performed among strains CCBAU 01393 T , CCBAU 01389 and CCBAU 03239 with the hosts of origin or related hosts: Glycyrrhiza uralensis, Caragana microphylla, Astragalus adsurgens, Vigna unguiculata, Vigna radiata, Glycine max, Trifolium pratense, Melilotus alba, Amorpha fruticosa, Lespedeza cuneata, Dunbaria rotundifolia, Vicia septum and the recommended plant species Leucaena leucocephala, Phaseolus vulgaris, Pisum sativum and Medicago sativa (Graham et al., 1991) . The representative strain of the novel group, CCBAU 01393 T , could induce effective nodules on Caragana microphylla, Phaseolus vulgaris and Vigna radiata, but not on the other legumes tested.
DNA-DNA hybridization is considered as a necessary and standard method for defining bacterial species (Graham et al., 1991; Wayne et al., 1987) . In this study, total DNA extracted from each strain using the method of Marmur (1961) was used for hybridization with the spectrophotometric method (De Ley et al., 1970) . DNA-DNA hybridization was performed between strain CCBAU 01393 T and related reference strains (Table 1 ). All the experiments were performed three times and the mean DNA-DNA relatedness values were used. The range of the standard deviation was 1.47-5.54 % and the mean value was 3.68 %. Strain CCBAU 01393
T showed similarities of 92-97 % with strains CCBAU 01389 and CCBAU 03239 and had similarities of 8.2-34.9 % with the reference strains of recognized species (Table 1), indicating that the three strains represent a single genomic species but differ from recognized species based on the recommendation of a threshold value of 70 % DNA-DNA relatedness for definition of novel genomic species (Graham et al., 1991; Wayne et al., 1987) . The DNA G+C contents were determined using the thermal denaturation method (T m ) with Escherichia coli K-12 as a standard (Marmur & Doty, 1962) . Strains CCBAU 01393
T , CCBAU 01389 and CCBAU 03239 had DNA G+C contents of 65.47, 65.21 and 64.87 mol%, respectively, in the range expected for Rhizobium (Jordan, 1984) .
Colony morphologies of the isolates as well as morphology of Hucker's Gram-and Shaeffer-Fulton's spore stained smears were examined. Phenotypic features of the novel group (strains CCBAU 01393 T , CCBAU 01389 and CCBAU 03239) were determined in comparison with related Rhizobium species according to method described by Gao et al. (1994) . The features determined included the utilization of sole carbon and nitrogen sources, resistance to antibiotics and tolerance to NaCl, and pH and temperature ranges for growth (Gao et al., 1994) . Biochemical tests including catalase and oxidase production, methyl red and Voges-Proskauer reaction, and hydrolysis of casein, gelatin, starch, DNA and Tween 80 were performed according to Smibert & Krieg (1994) . Production of hydrogen sulfide (H 2 S) from cysteine and of indole from tryptophan were determined as described by Barrow & Feltham (1993) . Differential characteristics of strains CCBAU 01393 T , CCBAU 01389 and CCBAU 03239 are shown in Table 3 and in the species description.
Based on all the results obtained, strains CCBAU 01393 T , CCBAU 01389 and CCBAU 03239 are considered to represent a novel species that could be differentiated from closely related Rhizobium species by means of the polyphasic taxonomic methods used, including SDS-PAGE of cellular soluble proteins, biochemical characteristics, DNA-DNA relatedness and genotypic comparison of housekeeping and symbiotic genes. The name Rhizobium alkalisoli sp. nov. is proposed for this novel symbiotic bacterial species.
Description of Rhizobium alkalisoli sp. nov.
Rhizobium alkalisoli [al.ka.li.so9li . N.L. n. alkali (from Arabic al-qaliy), alkali; L. n. solum soil; N.L. gen. n. alkalisoli of alkaline soil, referring to the fact that the bacterium was isolated from Caragana intermedia grown in saline-alkali soil].
Cells are Gram-negative, aerobic, motile, non-spore-forming rods, 0.3-0.5 mm wide and 1-3 mm long. Colonies on YMA medium are circular, convex, white and opaque, with a diameter of 1-2 mm within 2-3 days at 28 uC. Growth occurs on YMA agar in 0-3 % NaCl (optimum, 1 %). Growth occurs at 12-37 u C and pH 5-10 on YMA, with optimum growth at 28 uC and pH 7.0. Catalase, urease and oxidase are present, but not L-phenylalaninase. Nitrate is not reduced and reduction of methyl blue is not observed. Nile blue reduction is observed. Lactic acid production, reduction of litmus and acid curd formation are produced in litmus milk tests. Does not hydrolyse gelatin, casein, starch, DNA or Tween 80. Indole is produced, but not H 2 S, and the VogesProskauer and methyl red reaction are negative. Resistant to (mg ml Ampicillin (50) + 2 + + 2 Ampicillin (100) + 2 + 2 2 Ampicillin (300) + 2 + 2 2 Kanamycin sulfate (50) + 2 + 2 2 Streptomycin sulfate (5) + 2 + + 2 Bacitracin (300) + 2 + + + Erythromycin (50) + + + 2 2 Bismarck brown (0.1 %) + + + 2 2 Erythrosin B (0.1 %) + 2 + + 2 Neutral red (0.1 %) + 2 + 2 2 Sodium nitrite (0.1 %) 2 + + 2 2 NaCl (1 %) + + + 2 + NaCl (2 %) + + + 2 2 NaCl (3 %) + 2 2 2 2 pH 10.0 + + 2 2 +
